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(57) ABSTRACT

A process and apparatus for the continuous production of
organometallic compounds from a metal precursor and an
alkylating agent. The reactants are delivered separately to a
reaction centre (26) in a distillation column (2) wherein the
reaction 1s maintained at a predetermined temperature to
allow collection of the vaporised organometallic compound
from the top of the column and removal of the waste
products from the bottom of the column.
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PROCESS AND APPARATUS FOR
PRODUCTION OF ORGANOMETALLIC
COMPOUNDS

The present invention relates to an improved process and
apparatus for the production of organometallic compounds,
in particular organo compounds of Group 3a metals, espe-
cially trimethylgallium.

Organometallic compounds such as trimethylgallium are
commonly employed as a gallium source in the fields of
epitaxial semi-conductor growth and/or processing, vapour
or plasma etching, plasma deposition or thin film deposition,
for example metalorganic chemical vapour deposition
(MOCVD). The compounds are generally prepared using a
batch process wherein the reactants are fed into a reaction
vessel and the product 1s collected once the reaction 1s
complete. Trimethylgallium 1s normally prepared by means
of such a batch process using gallium trichloride and a
suitable alkylating agent such as a Grignard reagent,
Lithium reagent or trialkylaluminium. This process provides
compounds that are sufficiently pure but requires the use of
large reaction vessels to produce a sufficient yield of prod-
uct. The production rate of the compound 1s also limited due
to the necessity to charge the reaction vessel, add specified
amounts of the reactants, allow the reaction to take place and
then collect the product and clean the vessel before com-
mencing the process again. Cleaning the equipment between
runs of the reaction may also lead to increased contamina-
fion of the product.

GB-A-2 123 423 (The Secretary of State for Defence)
relates to the preparation of trialkylgalllum compounds
using a dialkylether. However, such a reagent can result in
the product containing oxygen impurities. DE 11 58 977
(Siemens-Sciuckertwerke AG) also describes a process for
the preparation of trialkylgallium compounds, whereby one
equivalent of galllum trichloride 1s added to three equiva-
lents of an aluminium trialkyl 1n solution 1n a hydrocarbon
solvent or an ether. The process 1s carried out as a batch

process to enable sufficiently pure product to be obtained.
Similarly, Inorg. Synth (1974) 15, 203-7 and Chemical

Abstracts, vol. 81, no. 17, 28 October 1974 (1974-10-28) &
TR. Khim, Khim. Tekhnol (1973), (4), 40-41 relate to the
preparation of trialkyl metal compounds using batch pro-
CESSES.

It 1s an aim of the present 1nvention to provide an
improved process and apparatus for the preparation of
organometallic compounds, 1 particular the production of
trimethylgallium, which overcomes the above mentioned
drawbacks.

Accordingly, a first aspect of the present invention pro-
vides a continuous process for the preparation of an orga-
nometallic compound comprising the steps of delivering a
metal precursor and an alkylating agent separately to a
reaction centre, allowing the precursor to react with the
alkylating agent, maintaining the reaction centre at a prede-
termined temperature to cause vapourisation of the organo-
metallic compound and collecting the organometallic com-
pound.

A second aspect of the present invention provides an
apparatus for the preparation of an organometallic
compound, the apparatus comprising at least two delivery
conduits and a distillation column having a reaction centre
and an outlet wheremn each conduit transports a metal
precursor and an alkylating agent respectively to the reaction
centre to allow the reactants to react together, the tempera-
ture of the apparatus being maintained such as to allow
collection of the vapourised organometallic compound from
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the outlet thereby enabling continuous production of the
organometallic compound.

The process of the present invention may be used to
prepare any organometallic compound wherein the product
1s a volatile liquid and the by-products are less volatile.

The continuous process for the preparation of organo-
metallic compounds requires the reactants to be fed sepa-
rately 1nto a reaction section which 1s preferably provided in
the centre of the distillation column. Preferably the outlet 1s
provided at or near the top of the column for collection of the
product and a further outlet 1s provided at or near the base
of the column for removal of any waste products. The
cequipment 1s maintained at specified temperatures to control
the rate of removal of the product from the top of the
reaction column, with the non-vapourised waste products
being removed from the base of the column. The continuous
delivery of the reactants 1n specified amounts and at a
predetermined rate mto the reaction section, together with
the maintenance of a specified temperature/pressure ditfer-
ential 1n the column enables a continuous production of the
organometallic compound to be achieved. The rate of addi-
tion of the reactants may be controlled by means of appro-
priate flow controllers.

The rate of removal of the product from the top of the
column should be carefully controlled to avoid a build up of
the product in the column and a consequence loss of the
product from the base of the column with the waste. Suitable
conventional instrumentation systems such as a flow con-
troller and temperature/pressure differential, may be used to
maintain the required rate of removal of the product.

The continuous process relies on an equilibrium being set
up 1n the column such that the product goes up the column
and the waste products move down for their removal at the
base, for example by means of a simple overflow leg. A
number of factors effect the maintenance of the equilibrium,
such as the temperature of the column, the addition rates of
the reactants and the take off rate of the product. The
conditions employed will vary according to the reactants and
the organometallic compound being produced. The tempera-
ture 1s preferably fixed and the main control for a set of
addition rates will then be the take off rate of the product.

Preferably, the distillation column for use in the present
invention 1s fitted with a boiler at the base and a condenser
at the top, the design of which will be dependent on the heat
of the reaction to be carried out 1n the column. Importantly,
means should be provided to allow the control of the reflux
ratio applied to the top of the column and to remove the heat
produced during the reaction from the reaction zone.

Any suitable distillation column may be used for carry-
ing out the process of the present invention such as packed
or plate distillation columns. The column should be
equipped with sufficient plates 1n a stripping section to
ensure removal of all the product from the stream leaving the
base of the column and sufficient plates in the rectifying
section to ensure the pure product leaves the top of the
column.

Preferably, the metal precursor 1s added 1n a suitable
solvent, such as toluene. It is preferable to prime the reaction
centre with the solvent prior to commencing the reaction.
Preferably, the solvent has a lower volatility than the orga-
nometallic compound to allow the pure product to be
collected from the top of the column while the solvent leaves
the base of the column with the by-products.

The reaction centre 1s preferably heated prior to com-
mencing delivery of the reactants to the reaction centre in
order to achieve a steady reflux. Preferably alkylating agent
1s added to the reaction centre prior to the metal precursor to
ensure there 1s an excess amount of agent present.
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Collection of the product 1s preferably commenced once
a constant temperature corresponding to the boiling point of
the product 1s recorded near to the top of the column,
preferably around 2-5 cm from the top of the column.
Preferably, collection of the product 1s halted 1f a rise in
temperature 1s recorded and re-commended once the tem-
perature drops back to the boiling point of the product.

The process of the present invention 1s particularly
suitable for the preparation of Trimethylgallium 1 a con-
tinuous fashion by the reaction between trimethylaluminium
(TMA) and gallium trichloride in a suitable solvent. The
reaction 1s extremely exothermic and virtually instantaneous
and 1t 1s desirable to move heat as quickly as possible from
the reaction zone 1n order to prevent unwanted side reac-
tions.

The reaction centre 1s preferably heated to a temperature
between 120° C. to 140° C, more preferably 130° C. until a
stecady reflux 1s achieved. The reactants may then be added,
preferably commencing with the TMA. The ratio of active
ingredients 1n the column should be such that there 1s an
excess of TMA at all times to ensure full conversion of the
gallium trichloride to trimethylgallium. A ratio of 5:1 TMA
to galllum trichloride 1s preferred but other ratios may be
used, such as 4:1 or 3.5:1.

The TMA and GaCl; may be added at any predetermined
rate depending upon the production rate of product required.
For example, the TMA and GaCl; may be added at a rate of
90 g/hr and 75 g/hr respectively to give a production rate of
30 g/hr. Alternatively, addition rates of 250 g/hr and 315 g/hr
may be used to provide a production rate of 115 g/hr.

Collection of the trimethylgallium 1s commenced once a
steady temperature of 56° C. is maintained near the top of
the column.

The solvent 1s preferably one which 1s less volatile than
the trimethylgalllum, such as toluene to ensure that pure
product 1s collected as a vapour.

The present mnvention will now be further 1llustrated by
means of the following Examples which describe the con-
tinuous preparation of trimethylgallium using the process
and apparatus of the present invention and with reference to
the accompanying drawing which 1s a schematic diagram of
one embodiment of the apparatus of the present invention.

EXAMPLE 1

The main reaction column 2 was packed and provided
with an 1nert atmosphere through inlet 3. The column was
initially primed with the solvent, anhydrous Toluene (200
mls). The boiler 4 at the bottom of the column was heated
to 130° C. to establish a steady reflux in the column by
means of the condensor 5. Trimethylaluminium (TMA) was
then added through an inlet pipe 8 to the centre 6 of the
reaction column approximately two minutes before the
metering of gallium trichloride (GaCl,;) in toluene solution
into the column was commenced through a separate inlet 10.
This ensured that excess alkylating agent was present to
minimize the potential for incomplete product formation.

The addition rates of the TMA and GaCl; were set at 90
g/hr and 75 g/hr respectively (5:1 molar ratio of active
components) using the appropriate flow controllers. This
leads to a theoretical trimethylgallium (TMG) production
rate of 30 g/hr. The temperature at the collection point (16)
of the product gradually decreased as sufficient TMG was
formed to displace the toluene as the most volatile compo-
nent. Once a steady reading of 56° C. was achieved collec-
fion of the product from the upper outlet pipe 12 was
commenced with the rate of collection being controlled such
as to maintain a constant temperature of 56° C. in the
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column approximately 1-2 inches below the take off point.
Any temperature increase indicating a presence of toluene
resulted 1n a halt 1n collection until a constant temperature of
56° C. was again maintained. The waste products, (i.c. Me,
AlCl, TMA and toluene with trace partially alkylated gal-
lium species) were forced down the boiler and removed by
an overflow pipe 14 into a dilution vessel (not shown).

The apparatus was run for a total of 7 hours during which
time 140 g of TMG were isolated (68% yield).

EXAMPLE 2

The process described mm Example 1 above was repeated
but employing addition rates for the reactants TMA and
GaCl; in toluene of 90 g/hr and 100 g/hr respectively (4:1
molar ratio of active components leading to a theoretical
TMG production rate of 40 g/hr.

The apparatus was run for a total of 10 hours during which
time 198 g of TMG were isolated. (50% yield).

EXAMPLE 3

The process described 1n Example 1 above was repeated
but employing addition rates for the reactants TMA and

GaCl; in toluene of 250 g/hr and 315 g/hr respectively (3.5:1
molar ratio of active components) leading to a theoretical

TMG production rate of 115 g/hr.

The equipment was run for a total of 3.5 hours during
which time 220 g of TMG were 1solated. (55% yield).

The process and apparatus of the present invention allow
the continuous production of an organometallic compound
with sufficient yields of product. This enables the ready scale
up of the process without the need for huge plant vessels and
additional processing steps. For example, a batch process
may use a 200L reaction vessel that takes 12—13 hours per
batch. The continuous process allows the use of much
smaller vessels, for example, 10L holding vessels, to pro-
duce a satisfactory rate of production. Additionally, the
process avoids the need for frequent dismantling and clean-
ing of the reaction vessel thereby reducing contamination of
the product, increasing production rates and improving
safety ratings.

What 1s claimed 1s:

1. A continuous process for the preparation of an orga-
nometallic compound comprising the steps of delivering a
metal precursor and an alkylating agent separately to a
reaction centre wherein the precursor reacts with the alky-
lating agent to form the organometallic compound, main-
taining the reaction centre at a predetermined temperature to
cause vapourisation of the organometallic compound and
collecting the organometallic compound.

2. A continuous process as claimed 1n claim 1 wherein the
product 1s a volatile liquid and by-products of the reaction
are less volatile.

3. A continuous process as claimed 1n claim 1, wherein the
reactants are fed separately into the reaction center which 1s
provided in the center of the distillation column.

4. A continuous process as claimed in claim 3, wherein the
product 1s collected from the top of the column and the
by-products are removed from the base of the column.

5. A continuous process as claimed 1n claim 4, wherein the
process 1s maintained at specified temperatures to control the
rate of removal of the product from the top of the column,
with the non-vapourised by-products being removed from
the base of the column.

6. A continuous process as claimed 1n claim 5 wherein
continuous delivery of reactants 1n specified amounts and at
a predetermined rate into the reaction section, together with
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the maintenance of a specified temperature/pressure ditfer-
ential 1n the column enables the continuous production of
the organometallic compound to be achieved.

7. A confinuous process as claimed 1n claim 6 wherein the
rate of addition of the reactants 1s controlled by means of
flow controllers.

8. A continuous process as claimed 1n claim §, wherein the
rate of removal of the product is controlled to prevent build
up of the product 1n the column.

9. A continuous process as claimed 1n claim 6, wherein the
temperature 1s fixed and the main control for a set of addition
rates 1s the removal rate of the product.

10. A continuous process as claimed 1n claim 9 wherein
the reflux ratio applied to the top of the column 1s controlled.

11. A continuous process as claimed in claim 1, wherein
heat produced during the reaction 1s removed from the
reaction zone.

12. A continuous process as claimed 1n claim 1 wherein
the metal precursor 1s added 1n a suitable solvent.

13. A continuous process as claimed 1n claim 12 wherein
the reaction centre 1s primed with the solvent prior to
commencement of the reaction.

14. A continuous process as claimed 1n claim 12, wherein
the solvent has a lower volatility than the organometallic
compound to allow pure product to be collected separately
from the solvent.

15. A continuous process as claimed 1n claim 1 wherein
the reaction center 1s heated prior to commencing addition of
the reactants 1n order to achieve a steady reflux.

16. A continuous process as claimed 1n claim 1, wherein
alkylating agent 1s added to the reaction center prior to the
metal precursor to ensure excess against 1s present.

17. A continuous process as claimed 1n claim 1, wherein
collection of the product 1s commenced once a constant
temperature corresponding to the boiling point of the prod-
uct 1s recordal near to the top of the column.

18. A continuous process as claimed 1n claim 1 for the
preparation of trimethylgalllum by the reaction between
trimethyaluminium and gallium trichloride 1n a suitable
solvent.

19. A continuous process as claimed in claim 18, wherein
the reaction centre is heated to 120° C. to 140° C. to achieve
a steady reflux before commencement of the reactants.

20. A continuous process as claimed 1n claim 19, wherein
the reaction centre is heated to 130° C. until a steady reflux
1s achieved.
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21. A continuous process as claimed 1n claim 18, wherein
the addition of trimethylaluminium to the reaction center 1s
commenced prior to the addition of gallium trichloride.

22. A continuous process as claimed 1n claim 18, wherein
the ratio of trimethylaluminium to gallium trichloride m the
column 1s 5:1.

23. A confinuous process as claimed 1n claim 18, wherein
trimethylalumimium and gallium trichloride are added at a
rate of 90 g/hr and 75 g/hr respectively to give a production
rate of 30 g/hr.

24. A confinuous process as claimed 1n claim 18, wherein
trimethylalumimium and gallium trichloride are added at a
rate of 250 g/hr and 315 g/hr respectively to give a produc-
tion rate of 115 g/hr.

25. A continuous process as claimed 1n claim 18, wherein
collection of trimethylgallium 1s commenced once a steady
temperature of 56° C. 1s obtained at the top of the column.

26. A confinuous process as claimed 1n claim 18, wherein
the solvent 1s toluene.

27. An apparatus for the preparation of an organometallic
compound, the apparatus comprising at least two delivery
conduits and a distillation column having a reaction centre
and an outlet, wherein each conduit transports a metal
precursor and an alkylating agent respectively to the reaction
centre to allow the reactants to react together to form the
organometallic compound, the temperature of the apparatus
being maintained such as to allow collection of the vapour-
ised organometallic compound from the outlet thereby
enabling continuous production of the organometallic com-
pound.

28. An apparatus as claimed i1n claim 27, wherein the
outlet 1s provided at or near the top of the column for
collection of the product and a further outlet 1s provided at
or near the base of the column for removal of by-products.

29. An apparatus as claimed 1n 27, wherein the distillation
column 1s provided with a boiler at the base of thereof and
a condenser at the top.

30. An apparatus as claiamed 1n claim 27, wherein means
1s provided to control the reflux ratio applied to the top of the
column.

31. An apparatus as claiamed 1n claim 27, wherein means
1s provided for removal of the heat produced during the
reaction from the reaction zone.
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